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Abstract: 

Beta-thalassemia is due to a defect in the synthesis of the beta-globin chains, leading to alpha/beta imbalance, ineffective 
erythropoiesis, and chronic anemia. The spectrum of thalassemias is wide, with one end comprising thalassemia minor, 
which consists of a mild hypochromic microcytic anemia with no obvious clinical manifestations, while on the other end 
is thalassemia major, characterized by patients who present in their first years of life with profound anemia and regular 
transfusion requirements for survival. Along the spectrum lies thalassemia intermedia, a term developed to describe patients 
with manifestations that are neither mild enough nor severe enough to be classified in the spectrum's extremes. Over the past 
decade, our understanding of |3-thalassemia intermedia has increased tremendously with regards to molecular information 
as well as pathophysiology. It is now clear that |3-thalassemia intermedia has a clinical presentation as well as complications 
associated with the disease that are different from those of P-thalassemia major. This review is designed to tackle issues related 
to (3-thalassemia intermedia from the basic definition of the disease to paramedical issues, namely the quality of life in these 
patients. Genetics and pathophysiology are revisited, as well as the complications specific to this disease. These complications 
include effects on several organ systems, including the cardiovascular, hepatic, endocrine, renal, brain, and skeletal systems. 
ExtrameduUary hematopoiesis is also discussed in this article. Risk factors are highlighted and cutoffs are identified to minimize 
morbidities in (i-thalassemia intermedia. Several treatment modalities are considered by shining a light on the pros and cons of 
each modality, as well as the role of special pharmacological agents in the progress of the disease and its morbidities. Finally, 
health-related quality of life is discussed in these patients with a direct comparison to the more severe (^-thalassemia major. 
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Ozet: 

Beta talasemi beta globin zincirlerinin sentezindeki defekt sonucu geli§en alfa/beta dengesizligi, inefektif eritropoez ve 
kronik aneminin sonucudur. Talasemi spektrumu geni§ olup, bir ufta higbir klinik bulgusu olmayan bireyler varken, diger 
ufta bulunan talasemi majorlu hastalar hayatin birinci yilinda derin anemi ve hayatta kalabilmek igin diizenli trans fiizyon 
gereksinimi ile karakterize jekilde agn seyirli olabilir. Bu iki ucun arasinda ise talasemi major hastalari kadar agir olmayan, 
ancak 50k da hafif bir seyir gostermeyen hastalan tanimlamada talasemi intermedia terminolojisi kullanilmaktadir. Son 
on yilda P-talasemi intermedianin molekiiler genetigi ve patofizyolojisi hakkindaki bilgilerimiz hizla artmijtir. (J-talasemi 
intermedianin, |3-talasemi majorden farkli, kendine ozgii klinik bajvuru ozellikleri ve komplikasyonlari oldugu netlik 
kazanmi§tir. Bu derlemede P-talasemi intermedianin temel tanimlamalarindan hastalarm ya§am kalitesi gibi paramedikal 
konulara kadar meseleler ele alinmi§tir. Genetigi, patofizyolojisi ve bu hastaliga ozgii komplikasyonlarina deginilmijtir. 
Bu komplikasyonlar arasinda kardiovaskiiler, hepatik, endokrin, renal, beyin ve kemiklerle ilgili olanlar vurgulanmijtir. 
Ekstramediiller hematopoez de bu makalede tarti§ilmi§tir. Risk faktorleri ozellikle vurgulanmij ve P-talasemi intermediali 
hastalarda morbiditeleri minimuma indirebilmek ifin kritik e§ik degerler belirtilmi§tir. Degijik tedavi yaklajimlarimn iyi 
ve kotii taraflarina i§ik tutuhnaya 5ali§ilmi§ ve bazi spesifik farmakolojik ajanlarin hastahgin progresyonu ve morbiditeleri 
iizerine etkisi tarti§ilmi§tir. Son olarak bu hastalardaki saglik ili§kili ya§am kalitesi, 90k daha agir seyirli P-talasemi majorlu 
hastalardaki ile kar§ila§tirilmi§tir. 
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Introduction 

The first reports of thalassemic disorders date back to as 
early as 1925. The first cases were described in the pediatric 
population among subjects with anemia, peculiar facies, and 
other bony changes. The constellation of symptoms led to 
the hypothesis of a single disease entity back then [1]. Later 
on, the term "thalassemia" was coined by George Whipple 
[2]. Throughout the years, research focused on genetics 
and pathophysiology, and the theory of imbalance in globin 
chain production as a major culprit was revealed after Sir 
David Weatherall used labeled reticulocytes with radioactive 
amino acids to prove the defective production of alpha and 
beta chains [3,4,5]. Despite that theory being postulated a 
while ago, this pioneering work led to the modern definition 
of beta-thalassemia. It is nowadays considered as a defect in 
the synthesis of the beta-globin chains, leading to alpha/beta 
imbalance, ineffective erythropoiesis, and chronic anemia 
[6]. The diversity of the phenotypes in thalassemia make it 
diagnostically challenging. The spectrum of thalassemias is 
wide, with one end comprising thalassemia minor, which 
consists of mild hypochromic microcytic anemia with no 
obvious clinical manifestations, while on the other end 
thalassemia major is characterized by patients who present 
in their first years of life with profound anemia and regular 
transfusion requirements for survival [7]. 

In the middle lies thalassemia intermedia (TI), a term 
developed to describe patients with manifestations too mild 
to be considered thalassemia major and too severe to be called 
thalassemia minor It was first used by Sturgeon, who suggested 
the term for those who fit into this category [8]. TI belongs 
to the non-transfusion-dependent thalassemia (NTDT) 
group, which also includes hemoglobin E/p-thalassemia and 
a-thalassemia intermedia (hemoglobin H disease). NTDTs 
extend from sub-Saharan Africa to the Mediterranean region 
and are also present in South and Southeast Asia. 

Despite a decreasing worldwide trend in the past few 
years, especially among the Mediterranean population. 



where prevalence and carrier rates were considerably high, 
thalassemias still remain a major public health burden [9]. 

Genetics: Grasping the Concept 

Despite the considerable knowledge gained from 
research about TI in the past few years, diagnosis is still 
made on clinical grounds. The wide clinical spectrum 
of beta-thalassemia intermedia entails a wide range of 
presentations. Some patients remain asymptomatic for most 
of their lives with hemoglobin levels ranging between 7 and 
10 g/dL, while others present during childhood and require 
transfusions for normal sustained growth (Table 1) [10]. 

One of the fundamental concepts of hematology is the 
fact that an equal number of alpha and beta chains should 
be present for proper hemoglobin physiology. While beta- 
thalassemia major arises from the total absence of the beta 
chains, TI arises from defective gene function leading to 
partial suppression of beta-globin protein production. 
It usually results from a homozygous or a compound 
heterozygous mutation [11]. In some instances, only one 
gene may be affected, making it dominantly inherited [12]. 

In most cases, the reason behind the milder phenotype 
of TI as compared to thalassemia major usually results from 
the interplay among 3 different mechanisms. The first is the 
inheritance of a mild or silent beta-chain mutation, which 
keeps a low level of beta chains, as opposed to its absence in 
more severe cases making less of an alpha/beta imbalance. 
The second is the inheritance of determinants associated 
with increased gamma chain production, which pair with 
unbound alpha chains. The third is the co-inheritance 
of alpha-thalassemia, which decreases the number of 
unpaired chains due to decreased alpha chain synthesis 
[13]. It is possible to inherit a triplicated or quadruplicated 
alpha genotype with beta heterozygosity and have a TI 
phenotype as a result. Many other factors come into play, 
with polymorphisms affecting bone, iron, and bilirubin 
metabolism affecting the disease. They are grouped under 
the umbrella of tertiary modifiers. 



Table 1. Characteristics and manifestations of ^-thalassemia intermedia 



Hemoglobin level 7-10 g/dL 



HPLC electrophoresis HbA2 > 4% 

HbF 10%-50% 

Molecular characteristics Mild/silent mutation 

Co-inheritance of a-thalassemia may be present 

Hereditary persistence of HbF, 8p-thalassemia, Gy XMNl polymorphism 

Pertinent findings on physical exam Splenomegaly 

Moderate to severe hepatomegaly 
Growth retardation 
Expansion of facial bones 
Obliteration of maxillary sinuses 
Protrusion of lower jaw 
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Pathophysiology 

The hemoglobin molecule being usually composed 
of 2 alpha chains and 2 beta chains, any imbalance in 
the coupling of these fragments will naturally lead to an 
abnormal physiology, as equal alpha and beta chains need 
to be present for proper function. In beta-thalassemia in 
general, the absence or underproduction of the beta chain 
causes an imbalance with excess alpha chains deposited 
inside red blood cells. The latter process leads to oxidative 
damage to the membranes and eventually cell lysis [14]. 

This sequence of events is behind the concept of 
ineffective erythropoiesis. The resulting extra medullary 
hematopoiesis and marrow hypertrophy lead to expansion 
of the facial bones and obliteration of the maxillary sinuses, 
causing protrusion of the upper jaw and the peculiar 



thalassemic facies. It may also cause cortical thinning and 
pathologic fractures in long bones [15,16,17]. 

The resulting anemia is a consequence of ineffective 
erythropoiesis; however, hemolysis, in addition to being 
a contributor to the anemia, also has a role in other 
outcomes. Chronic anemia eventually leads to a state 
of continuous iron absorption, leading to iron overload 
and all of its resulting complications (cardiac, hepatic, 
endocrine, etc.). The triad of ineffective erythropoiesis, 
chronic anemia, and iron overload is at the heart of all 
morbidities related to TI. a contributor to the anemia, also 
vhas a role in other 

Complications 

When TI patients were compared to thalassemia major 
patients, many complications exclusive to TI suddenly 
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Figure 1 . Indications for transfusion. 
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Figure 2. Algorithm for iron chelation 

Abbreviations: NTDT: non-transfusion dependent thalassemia, LIC: liver iron concentration, SF: serum ferritin, DFX: deferasirox. 
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surfaced. At the heart of these comphcations hes the 
triad of chronic anemia, ineffective erythropoiesis, and 
iron overload [18,19,20,21,22]. It is important to grasp a 
solid understanding of these complications in order to 
tailor management accordingly. A brief summary of the 
complications is provided in Figure 1, followed by specific 
complications and management in Table 2. 

Hepatobiliary Complications 

The accelerated hemolysis that occurs because of the 
instability in red blood cells leads to the formation of 
gallstones. For this reason, any symptomatic gallstone should 
be treated by a cholecystectomy One additional consideration 



is the need to inspect the gallbladder in any patient who is 
undergoing splenectomy and consider intervention, since 
cholecystitis may be life-threatening in any splenectomized 
patient [23]. Since the majority of iron accumulation is in 
the liver in TI patients, there is an increased risk, mainly in 
non-chelated patients, of developing complications such as 
fibrosis, cirrhosis, and eventually hepatocellular carcinoma. 
This risk has been shown to be evident with higher iron loads 
and increased serum ferritin. Case reports from Lebanon and 
Italy have suggested a link between hepatocellular carcinoma 
and liver iron loading in hepatitis C-negative patients with TI 
[24,25]. 



Table 2. Specific complications of thalassemia intermedia and their management 



Specific Complication 


Management 


Disease related or Iron and 
Disease related 


Pulmonary Hypertension 


Sildenafil citrate, bosentan (small 
studies suggest moderate benefit) 


Iron and Disease related 


Extramedullary haemopoietic 
pseudotumors 


Radiation 
Surgery 
Hydroxyurea 
Transfusion 


Disease related 


Bone Disorders 


Calcium and Vitamin D supple- 
metation, other preventive measures 
Bisphosphonates- Practice depen- 
dent 


Disease related 


Endo crinopathies 


Hormonal therapy as with P-TM 
Proper Iron chelation 


Iron and Disease related 


Thrombosis and 
cerebrovascular disease 


Risk-assesment models 

Acetyl salicylic acid or anti-platelets 

for thrombocytosis 

LMWH for previous thrombosis 




Leg ulcers 


Hypertransfusion 
Supportive measures; Topical GF, 
Pentoxyfylline, zinc supplementa- 
tion, leg elevation 


Iron and Disease related 


Cholelithiasis 


Cholecystectomy 


Disease related 


Splenomegaly 


Splenectomy when indicated 


Disease related 


Iron Overload 


Proper Iron chelation with regular 
monitoring 


Iron and Disease related 


Liver complications (fibrosis, 
cirrhosis, cancer) 


Adequate transfusion regimen to 
avoid hepatitis 
Adequate iron chelation 
Adequate monitoring for maling- 
nancy 


Iron and Disease related 



TM: Thalassemia major, LMWH: low-molecular-weight heparin, GF: growth factor. 
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ExtrameduUary Hematopoiesis 

ExtrameduUary hematopoiesis is a physiological 
compensatory phenomenon occurring because of 
insufficient bone marrow function that becomes unable 
to meet circulatory demands [26]. Its occurrence in 
chronic hemolytic anemias remains highest, particularly 
in transfusion-independent TI [26,27]. Almost all body 
sites may be involved, including the spleen, liver, lymph 
nodes, thymus, heart, breasts, prostate, broad ligaments, 
kidneys, adrenal glands, pleura, retroperitoneal tissue, 
skin, peripheral and cranial nerves, and spinal canal 
[28,29,30,31,32] . These sites are thought to normally engage 
in active hematopoiesis in the fetus during gestation. The 
incidence of extrameduUary hematopoiesis in patients with 
TI may reach up to 20% compared to polytransfused TM 
patients, for whom the incidence remains 1% [26,33,34]. 
A paraspinal location for the hematopoietic tissue occurs 
in II%-I5% of cases with extrameduUary hematopoiesis 
[27,35]. Paraspinal extrameduUary hematopoiesis mainly 
presents as pseudo-tumors, which may cause a variety 
of neurological symptoms due to spinal compression. 
However, it is thought that more than 80% of cases may 
remain asymptomatic, and the lesions are usually discovered 
incidentally by radiological techniques [36,37,38] . 

The male-to-female ratio reaches 5: 1 [39] . Various clinical 
presentations have been reported, including back pain, 
lower extremity pain, paresthesia, abnormal proprioception, 
exaggerated or brisk deep tendon reflexes, Babinski response, 
Lasegue sign, paraparesis, paraplegia, ankle clonus, spastic 
gate, urgency of urination, and bowl incontinence ]40] . 

Leg Ulcers 

Leg ulcers are a common complication of TI, occurring 
in as many as one-third of patients with untreated or poorly 
controlled disease. They usually appear in the second 
decade of life and are generally located on the medial or 
lateral malleoli. The ulcers emerge after minor trauma and 
tend to expand rapidly [41]. They are slow to heal and tend 
to recur or become chronic, causing severe pain, disability, 
and esthetic problems that are difficult to manage for both 
patients and physicians [42]. 

The etiology of thalassemic leg ulcers seems to be 
multifactorial, with the main pathogenic mechanism 
appearing to be tissue hypoxia secondary to the anemia and 
the high affinity of fetal hemoglobin for oxygen ]43] . 

Others factors contributing to ulcer formation include: 

a) Abnormal rheological behavior of the diseased 
erythrocytes characterized by increased rigidity of their 
cellular membrane and enhanced adherence to endothelial 
cells, 

b) Local edema due to venous stasis and possibly right 
heart insufficiency, 

c) Repetitive local trauma and skin infections, 



d) Hypercoagulability and prothrombotic tendency [44] . 
A Hypercoagulable State 

The largest epidemiological study to date analyzed data 
from 8860 thalassemia patients (6670 with thalassemia 
major and 2190 with TI) and demonstrated that 
thromboembolic events (TEEs) occurred 4.38 times more 
frequently in TI than in thalassemia major patients [45]. 
The hypercoagulability in TI has been attributed to several 
factors, including a procoagulant activity of hemolyzed 
circulating red blood cells, increased platelet activation, 
coagulation factor defects, depletion of antithrombotic 
factors, and endothelial inflammation, among others 
[46]. These factors have been observed at a higher rate in 
splenectomized patients [46]. Clinical studies also confirmed 
that splenectomized TI patients have a higher incidence of 
TEE than non-splenectomized controls [45,47,48,49]. In 
the OPTIMAL CARE study, 73/325 (22.5%) splenectomized 
patients developed TEEs compared with 9/259 (3.5%) non- 
splenectomized patients (p<0.001) [47]. 

A study indicated that splenectomized TI patients 
who develop TEE are characterized by high nucleated red 
blood cell and platelet counts, and they are more likely to 
have evidence of pulmonary hypertension (PHT) and be 
transfusion-naive. Moreover, high nucleated red blood 
cell and platelet counts as well as transfusion naivety are 
associated with earlier development of TEEs following 
splenectomy [50]. 

Silent Brain Infarcts 

Although strokes are uncommon in TI patients, one study 
showed that 37.5% of patients with TI have evidence of silent 
brain infarction on magnetic resonance imaging (MRI) [51]. 
More recently, in a study done on 30 splenectomized adults 
with TI, the rate of silent brain infarction was as high as 60% 
and it involved the subcortical white matter in all patients [52] . 

Recent studies have also documented a high prevalence 
of silent brain infarction, large cerebral vessel disease, and 
decreased neuronal function primarily in the temporal and 
parietal lobes in splenectomized adults with thalassemia 
intermedia [53 ] . There was a significant association between 
the occurrence of large-vessel cerebrovascular disease and 
high non-transferrin bound iron (NTBI) levels 154], and 
decreased neuronal function was observed more frequently 
in patients with a liver iron concentration (LIC) above 15 
mgFe/gDW [55]. 

Pulmonary Hypertension 

Hemolysis is believed to play a key role in the 
development of PHT in TI patients. It has been shown that 
chronic hemolysis leads to nitric oxide depletion due to nitric 
oxide scavenging, arginine catabolism, and endogenous 
nitric oxide synthesis inhibition, as well as to enhanced 
platelet activation and increased endothelin-1 release 
[56,57]. All of those events in turn lead to a vasculopathy 
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characterized by endothehal dysfunction, increased vascular 
tone, inflammation, hypercoagulability, and, finally, vascular 
remodeling and destruction of the pulmonary vasculature, 
which ultimately results in hemolytic anemia-associated 
PHT [56,58]. 

Autopsies of a large series of patients with TI revealed 
thrombotic lesions in the pulmonary arteries, which may 
have been due to circulating platelet aggregates [59] . Similar 
findings of multiple microthrombi, which were composed 
mainly of platelets, were seen in the pulmonary arterioles and 
microcirculation in autopsies of 2 splenectomized patients 
with thalassemia [60]. A high rate of PHT in splenectomized 
TI patients has been documented and attributed to a chronic 
thromboembolic state [61,62]. Moreover, elevated levels 
of circulating red blood cell-derived microparticles were 
detected in splenectomized patients with TI [63]. Whether 
they contribute to the development of PHT in this patient 
population warrants evaluation. A recent study by Derchi et 
al. established for the first time the presence of PHT by right 
heart catheterization in thalassemic patients. It also showed 
that the prevalence was higher in TI patients compared to 
those with thalassemia major [64]. 

Renal Complications 

Different renal cell types have different resistances to the 
decrease of oxygen supply [65]. In vitro and animal models 
have shown that hypoxia may cause apoptosis of tubular 
and endothelial cells [66,67,68]. Other in vitro studies 
showed that hypoxia can induce a fibrogenic phenotype. A 
final result may be represented by activation of fibroblasts 
and accumulation of an extracellular matrix of resident 
renal cells [69,70,71,72]. Hence, it is apparent that chronic 
hypoxia causes proximal tubular cell dysfunction and 
interstitial fibrosis, which, in the presence of other renal risk 
factors, may lead to progressive renal disease. 

Anemia causes renal defects through mechanisms 
different from those employed in hypoxia. Anemia affects 
the glomerulus by inducing renal hyper perfusion and 
glomerular hyper filtration [73,74,75]. The mechanism is 
thought to be a decrease in systemic vascular resistance and 
a subsequent increase in renal plasma flow [76]. This may 
represent a benefit in the short term [77]. However, over 
the long term, glomerular hyper perfusion may theoretically 
mediate progressive renal damage, as reported by 
experimental and clinical data [78]. Thus, it is theoretically 
possible that persistent anemia, such as that seen in 
thalassemia major patients, may contribute to a progressive 
decrease of the glomerular filtration rate [79] . 

Iron is a source of oxidative stress in biological systems. 
In thalassemic patients, the increased intracellular content 
of non-hemoglobin iron generates free oxygen radicals 
that bind to different membrane proteins, altering the 
morphology, function, and structure of membrane proteins 
[80] . Free iron can also directly catalyze lipid peroxidation 



by removing hydrogen atoms from the fatty acids that 
constitute the lipid bilayer of organelles [81]. 

Iron Overload 

Three main factors are responsible for the clinical 

sequelae of TI: ineffective erythropoiesis, chronic anemia, 
and iron overload. Iron overload occurs primarily as a result 
of increased intestinal iron absorption but can also result 
from occasional transfusion therapy, which may be required 
to manage certain disease-related complications 118,19]. The 
pathophysiology of iron loading in TI appears similar to that 
observed in padents with hereditary forms of hemochromatosis 
156] and is different from that seen in thalassemia major, 
where there is a predilection for NTBI accumulation. NTBI is 
a powerful catalyst for the formation of hydroxyl radicals from 
reduced forms of 02 120]. Labile or "free" iron can convert 
relatively stable oxidants into powerful radicals. A recent 
cross-sectional study of 168 non-chela ted patients with TI 
aimed to establish an association between LIC and a variety 
of serious morbidities noted in this patient population. Each 1 
mg Fe/g DW increase in LIC was significandy associated with 
an increased risk of thrombosis, pulmonary hypertension, 
hypothyroidism, hypogonadism, and osteoporosis. LIC 
values of at least 6-7 mg Fe/g DW discriminated patients who 
developed morbidity from those who did not 121]. A more 
recent longitudinal follow-up over a 10-year period confirmed 
these findings in 52 non-chelated patients with TI, and a serum 
ferritin level of 800 ng/mL was the threshold above which all 
patients were at risk of developing morbidity 122] . 

Management 

General Considerations 

One way to approach management of TI is by dividing 
therapy into 3 broad categories. These include conventional 
modalities such as transfusion and iron chelation therapy, 
splenectomy, supportive therapies, and psychological 
support 182]. The non-conventional methods comprise 
gene therapy and fetal hemoglobin modulation, while stem 
cell transplantation remains the only curative and radical 
treatment. Quality of life in patients with TI has been a topic 
of interest lately, and it is clear that without any treatment, 
patients are at risk of experiencing more morbidities and 
poorer health-related quality of life 183,84,85]. Many of 
the standards of treatment nowadays are derived from 
years of experience and the evolving concept of evidence- 
based medicine. Despite many modalities being available, 
some of them remain experimental in nature or are at 
an early investigational stage. The most important ones 
are transfusion therapy, iron chelation, fetal hemoglobin 
induction, and stem cell transplantation. 

Transfusion Therapy 

Although regular blood transfusions are the cornerstone 
of medical therapy in beta-thalassemia major, one of the 
most challenging therapeutic decisions in TI is when to 
initiate transfusion 186]. 
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The main factors guiding the decision to transfuse are 
usually the development of signs and symptoms of anemia 
including growth failure and development failure. Despite 
a sporadic need for transfusions in many TI patients in 
situations such as infection, pregnancy or surgery patients 
should never be committed to a regular transfusion program 
unless the clinical picture dictates it. The main indications 
for a regular transfusion program remain growth failure, 
skeletal deformity, exercise intolerance, and declining 
hemoglobin levels because of progressive splenomegaly 
(Figure 1) [86,87,88]. 

The greatest impact of blood transfusions is in the 
pediatric group, where, in addition to reversing the anemia, it 
also carries the risk of alloimmunization. This phenomenon 
was found to be relatively common if a transfusion regimen 
was started after 12 months of age [89] . 

Some authorities recommend Rhesus and Kell 
pheno typing prior to transfusion [90], with the role 
of steroids for a short period (3-5 days) in preventing 
alloimmunization yet to be elucidated. 

Iron Chelation 

With transfusion therapy comes another very important 
consideration, that of iron overload. In addition to the natural 
iron-absorbing state of NTDT patients, the transfusional iron 
burden is also significant. In the OPTIMAL CARE study, 
patients who received both transfusions and chelation therapy 
had a lower incidence of complications than those who 
received transfusion alone or no treatment at all [47], hence 
showing the importance of appropriate therapy. The rate of 
iron loading in patients who do not receive transfusions is 
thought to be around 2-5 g/year [91], as opposed to 7.5-15.1 
g/year in transfused patients [92]. The challenging matter 
in NTDT in general is the determination of the appropriate 
time for the initiation of chelation therapy. In 2008, a study 
by Taher et al. determined that serum ferritin in TI often 
underestimates the real iron burden. In comparison with 
MRI, ferritin was found to underestimate LIC [93]. 

Later findings emphasized the need for a reliable measure 
of body iron, and the MRI R2 and R2* showed a valid 
correlation between liver iron and body iron, becoming the 
preferred modality to guide therapy [93,94,95]. 

Until recently, the cutoff for starting chelation was an 
LIC of 7 mg Fe/g DW or above. A recent study, however. 



by Musallam et al. showed that complications were more 
likely to occur at an LIC of 7 mg Fe/g DW, hence signaling 
the need to start chelating patients earlier [95]. The latest 
recommendations by the Thalassemia International 
Federation advocate LIC of 5 mg Fe/g DW and serum 
ferritin of 800 pg/L (Figure 2). Deferoxamine remains 
the gold standard in TI but the limitations of its use and 
its side effects have pushed pharmaceutical industries to 
look for other options. The main limitations reside in the 
fact that it needs to be administered either intravenously 
or subcutaneously therefore increasing patient discomfort 
and negatively impacting quality of life [96,97]. Many 
studies evaluated deferoxamine in TI patients, and in 1988 
Pippard and Weatherall concluded that the need for an oral 
chelator was very important despite deferoxamine delivering 
promising results in the studied group. Deferiprone (LI, 
Ferriprox) was the first oral chelator to be made available 
on the market. Small clinical trials demonstrated effective 
management of iron levels [98], but the lack of large-scale, 
placebo-controlled trials on deferiprone made the available 
data very limited. One of the recent products is deferasirox, 
an oral chelator with a once-daily dosage. It was developed 
to provide day-long chelation coverage with a suitable 
safety and efficacy profile [99,100]. The THALASSA trial 
was the first multicenter placebo-controlled double -blinded 
randomized trial to be conducted on TI patients, and it 
showed a sustained reduction in iron burden with deferasirox 
[101]. Further studies about its safety and efficacy are still 
ongoing. The latest new entry to the family of oral chelators 
was developed by Shire Pharmaceuticals, but it is still at an 
experimental stage with promising results on the horizon 
[102,103]. 

HbF Inducers 

One postulated mechanism of action of hemoglobin F 
inducers is based on reducing the imbalance between alpha- 
globin chains and non-alpha chains [86]. These inducers 
may in fact increase the expression of gamma chain genes. 
The rationale behind inducing hemoglobin F is to decrease 
anemia symptoms and improve the clinical status of patients 
withTI [104]. 

In the Middle East, experience with HbF inducers 
is limited. Large series, however, come from Iran and 
India, where results have been promising, with some 
patients becoming completely transfusion-independent 
[105,106,107]. 



Table 3. Indications for splenectomy 



Indication 


Comment 


Poor growth and development due to anemia 


Generally avoided in patients less than 5 years old 


Hypersplenism 


Leucopenia and thrombocytopenia 


Splenomegaly 


Left upper quadrant pain, massive splenomegaly with concern 
about rupture 
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Splenectomy 

All guidelines agree that physicians should adopt a 
guarded approach and restrict splenectomy to certain 
indications. Splenectomy should be avoided in children 
of <5 years of age because of a considerably greater risk of 
fulminant post-splenectomy sepsis (Table 3). 

However, until a replacement for splenectomy is 
recommended through evidence-based guidelines, a large 
number of TI patients will continue to be splenectomized. 
These, alongside patients who had already undergone 
splenectomy, constitute a large proportion of TI patients at 
risk of TEEs [42]. Major adverse effects of splenectomy are 
sepsis, TEEs, thrombophilia, pulmonary hypertension, and 
iron overload. 

Quality of Life 

Quality of life among patients with chronic diseases is 
of utter importance as there is a shift in medicine towards 
not only treating chronic diseases but also making sure 
that patients are well engaged and functional in their daily 
activities. A more specific term describing this state is 
health-related quality of life (HR-QoL) . There is a scarcity of 
information in the literature when it comes to the evaluation 
of HR-QoL among ^-thalassemia intermedia patients. A 
study by Musallam et al. compared HR-QoL in 32 adult 
P-thalassemia intermedia (non-transfused, non-chelated) 
and 48 (3-thalassemia major patients [108]. The only 
significant difference between the groups was that patients 
with P-thalassemia major had a significantly longer median 
duration with a known thalassemia diagnosis while patients 
with P-thalassemia intermedia had a higher prevalence 
of multiple complications. This study suggested that a 
longer duration of known disease led to better adaptation 
and understanding of the disease's nature; this could also 
explain how shorter duration of knovm disease causes high 
levels of stress and emotional anxiety [108]. A study that 
included pediatric patients also showed a higher percentage 
of children with P-thalassemia intermedia and impaired 
HR-QoL as compared to children with P-thalassemia major 
[109]. Another study that focused on patients' mental 
health showed that a significant proportion of adult patients 
with both P-thalassemia major and intermedia showed 
evidence of depression (Beck Depression Inventory) and 
anxiety (State-Trait Anxiety Inventory) [109]. The risk of 
silent cerebral infarcts among these patients should not be 
excluded as an additional risk factor [110]. Nevertheless, 
more extensive large multicenter trials should be performed 
to further solidify our understanding of the patient's quality 
of life, its implication on the course of the disease, and the 
possible ways to improve it. 

Conclusion 

Although advances in TI are moving at a fast pace, many 
complications remain with no treatment guidelines. In 



addition, many of those complications can be prevented or 
adequately treated when caught at an early stage. This is why 
a low index of suspicion should be kept in mind. The only 
way to reduce the public health burden remains premarital 
screening and adequate genetic counseling. Even if birth 
rates have been declining in the world and the Middle East, 
adequate prevention strategies remain key. In addition, 
immigration patterns in the past few years are making 
thalassemia in general prevalent in many areas of the world. 
Novel therapeutic modalities are now emerging (JAK2 
inhibitors, hepcidin modulators, apo-transferrin, etc.) and, 
in addition to the growing experience with hematopoietic 
stem cell transplants, the coming years may provide us 
with better outcomes. Most of these new modalities remain 
at an investigational stage at this point in time. Until they 
are finalized, it is fortunate that recent research in this field 
has helped elucidate a big part of what we did not know, 
therefore preventing fatalities. 
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